Refraction traveltimes have long been applied for deriving long-wavelength statics solutions. They are also applied for deriving residual statics, but it requires providing with substantially accurate traveltime picks for the calculation. In this study, we present a residual statics method that applies interferometric theory to produce four stacked super-virtual refraction gathers with significantly improved signal-to-noise ratio. They include forward and backward super-virtual refraction gathers for receivers and shots. Picking first arrivals on these four gathers followed by applying a set of equations is able to derive reliable residual statics solutions. This approach can help dealing with noisy data and also avoid using traveltime picks from shot gathers. We demonstrate the approach by applying to synthetic data as well as real data.
Introduction
Refraction methods have become a standard statics approach for obtaining high-quality seismic sections in land seismic data processing. In seismic industry, current longwavelength statics approaches include delay-time method (Gardner, 1939) , generalized linear inversion (Hampson and Russell, 1984) , traveltime tomography (Zhang and Toksoz, 1998) , and waveform inversion . For residual statics solutions, there are also many methods such as reflection stack-power maximization method (Ronen and Claerbout, 1985) , refraction waveform residual statics (Hatherly et al., 1994) , and refraction traveltime residual statics (Zhu and Luo, 2004) . The accuracy of the refraction static correction largely depends on the quality of first arrival traveltimes. However, in some areas, refraction traveltimes cannot be accurately picked at far offset. To partially overcome this problem, the theory of refraction interferometry was developed to enhance the signal-to-noise ratio of head-wave arrivals (Dong et al., 2006; Bharadwaj and Schuster, 2010) . Dong et al. (2006) demonstrated the method using land data over a salt dome in central Utah and later Nichols et al. (2010) demonstrated its effectiveness over a hydro-geophysical research site in Idaho. Mallinson et al. (2011) presented an extension of refraction interferometry which creates virtual far-offset refraction arrivals by the combination of both correlation and convolution of traces with one another to create what is denoted as super-virtual refraction traces. They presented a workflow for super-virtual refraction interferometry (SVI) and applied the method to both synthetic and field data, later Bharadwaj et al. (2012) presented the rigorous theory of SVI.
In this study, we borrow the concept of super-virtual refraction interferometry but for calculating refraction residual statics. Details are discussed in the following. Figure 1a shows a schematic illustration of refraction raypath in a simple layer model. The traveltime difference between two adjacent receivers (R1 and R2) decomposes on: 1) the horizontal segment; 2) the difference of two upcoming raypaths to R1 and R2 respectively. Then, we set up Equation 1 that includes residual statics. Assuming long-wavelength statics has been corrected, the following differential equations are set:
Interferometric refraction residual statics
where res(k+1), res(k) are the receiver residual statics at the location k+1 and k, respectively;
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Refraction interferometry for residual statics solutions
We find that the slowness can be represented by traveltime differences. Taking the receivers R1 and R2 as an example, they receive signal from both left and right shots, as shown in Figure 1b 
In a similar way, we apply this process to other receiver pairs, and obtain the following equations: We could obtain traveltime differences using traveltime picks between any two adjacent traces in the same shot gather. Nevertheless, there is a better and more efficient way to do that. Instead, we apply super-virtual interferometry method to calculate the quantity. Supervirtual refractions are generated in two steps: the first step involves correlation of the data to generate traces with virtual head wave arrivals, and the second step involves convolution of the data with the virtual traces to create traces with super-virtual head wave arrivals. Theoretically, correlation of adjacent receiver pair from left to right in sequence for any post-critical source position should lead to a virtual trace with the same virtual refraction traveltime, so stacking traces over all post-critical source positions will enhance the SNR of the virtual refraction by N , similar to that in except the virtual refraction traces are convolved with the actual refraction traces and stacked for different geophone positions to give the forward super-virtual traces with a SNR enhanced by N , as seen in Figure 2a . Here N is the number of post-critical shot positions that coincide with receiver locations. Another super-virtual traces can also be generated backward as shown in Figure 2b . Including another two super-virtual gathers for shots, there should be four stacked super-virtual gathers totally. In each gather, the maximum peak time of a trace is the traveltime difference that we need to calculate residual statics. 
Numerical example
We shall use a 2D synthetic dataset to demonstrate how to calculate interferometry residual statics. In Figure 3a , it shows a nice free shot gather, and in Figure 3b the same gather is applied with surface consistent statics at far offset with arbitrary statics between -20 ms and 20 ms. Then random noise created with signal-to-noise ratio of 2 is further added to data as shown in Figure 3c . The influence of noise on the far offset refractions is significant. It is difficult to pick the first arrivals accurately. We further roughly mute the data and keep the early arrivals as shown in Figure 3d , and the same process is applied to all shot gathers. The output shall be used for creating super-virtual refraction gathers.
Following the approach that we describe above, Figure 4 presents two interferometry gathers for receivers and two for shots. Because of stacking power, these gathers show good quality of signals. Picking the first arrival traveltimes in these gathers, we obtain forward and backward traveltime differences for both receivers and shots. After picking, we calculate slowness along the refractor following Equation 4 and apply the picks and slowness in Equation 1 to infer residual statics for all receivers and shots in a surface consistent manner. Figure 5a shows the true residual statics applied to data, and Figure 5b presents interferometric residual statics. In Figure 5c , their differences are plotted as well, and it shows that the differences are less than 2 ms. 
Field data
We demonstrate the statics solutions using a real dataset from China. A total number of 243 shots were recorded with the shot interval of 40 m and receiver interval of 20 m. The number of channels is 610. Figure 6 displays a shot gather and it clearly shows that the far offset traces suffer from noise so that picking the first break is very difficult. We also select a good shot gather that the variations in the first arrivals indicate strong statics effects (Figure 7a ). We apply the refraction interferometry approach to process the data and pick traveltime differences on the super-virtual refraction gathers. Figure 7b presents the same shot gather after the residual statics is applied. 
Conclusions
We developed a residual statics approach that applies refraction interferometry to help the calculation of statics. The approach can handle very noisy data in which the first picks are hard to pick. Tests with synthetics and real data suggest that the method is robust in dealing with noise and it can help improve stack quality significantly. The method is refraction based, thus, it is valid only when the near surface refractions are reliable. If the near surface area is too complex such that wave propagation is beyond refractions, then the method may fail.
